Environmental education in the 21 st century requires well-instructed teachers with teaching and communication abilities. This paper presents an educational experience developed in several biology and environmental teacher training courses and focused on the treatment of environmental education as a transversal educational topic. For that aim, text analysis techniques, concept mapping and informatics tools have been used to represent individual and collaborative knowledge about environmental topics. 69 students participated in the research. Data about the educational activities developed by the participants have been collected. Furthermore, students have expressed their opinions on the formative process by means of an opinion survey. The outcomes of this study reveal that future teachers and environmental educators consider that concept mapping is a valuable tool to represent their knowledge about environmental education, to encourage reflexive and collaborative learning, to improve teaching communicative abilities and to use effectively ICT in the classroom.
Introduction
The damage to nature caused by human beings has increased noticeably during the last century. Some examples of the environmental degradation are the global climate change, the desertification, the thinning of the ozone layer or the loss of biodiversity. Different countries and international organisations have presented different proposals and initiatives, including environment protection and regeneration programmes or policies to encourage the development of sustainable technologies and the prevention and treatment of contaminants. However, global responses to environmental problems cannot come only from politic interventions and scientific and technologic advances. Concurrently, all inhabitants must get involved (Fien, 1995; Stapp, 1971) .
In that sense, since teachers are considered major agents of change (Ilisko, 2007) , education has been stated fundamental to promote sustainable development. Indeed, environmental education must be considered the basis for rebuilding the relations between people, society and the environment (Hicks & Holden, 1995; United Nations [UN], 1992) . Consequently, it is necessary to incorporate respect for nature in educational programmes so that society becomes aware of the environmental problems and interacts with nature in a sustainable way (Ged˛˚ne & Ged˛˚ne, 2011; Wellie, 2002) .
According to that, countries need qualified educators capable of designing and implementing educational programmes, and planning and organising resources to promote sustainability from an interdisciplinary point of view. In this way, in all the subjects and at all educational levels, environmental topics, such as the respect for nature and sustainability, can be treated by means of different educational activities, such as reading texts, problem solving and concept maps (Espinosa, 2008; Guruceaga & Gonzalez, 2004) . For that purpose and taking into account the importance of emotional and motivational aspects for the teacher professional development (Hargreaves, 1998) , it is necessary to reinforce or introduce new specific educative and motivational strategies in teacher training programmes so that teachers of all the educative levels become aware of the importance of environmental education as an instrument to promote respect for nature (Fien, 1995; Gil Pérez, Vilches, Edwards, Praia, Marqués, & Oliveira, 2003) .
In this context, an innovative project called RAEET (Reflexive Approach to Environmental Educatorsí Training) has been functioning since 2008 in several science and environmental teacher training programmes of the University of Córdoba (Spain) to develop technological, methodological and communicative competences of future teachers (Korthagen, Loughran, & Russell, 2006) and to promote collaborative, reflexive and meaningful learning with concept maps (Preszler, 2004) , related to environmental education topics (Murga-Menoyo, Bautista, & Novo, 2011) .
In this paper, the results of this project are presented. Particularly, the use of concept mapping as a classroom activity in science and environmental teacher training programmes is analysed to check whether it is a useful educational tool to make users reflect on their own knowledge, to identify learning shortcomings and to construct a more meaningful knowledge of nature on which an environmentally responsible behaviour can be based (Andrews, Tressier, & Mintzes, 2008; Beyerbach, 1988; Buntting, Coll, & Campbell, 2006) .
Concept Mapping and Information Technologies Tools in Teacher Training Programmes
Concept mapping is a knowledge representation model that promotes the construction of a mental image of the information, making easier the visual identification of the most important concepts, the relationships among them and their hierarchical organisation (Novak & Gowin, 1984) . This graphic representation of concepts provides students and teachers a suitable tool to organise, summarise and communicate their knowledge about any topic, showing information in a schematic and organised way. Consequently, students can use concept mapping as a learning strategy for any subject since it promotes individual or collaborative, reflexive and meaningful learning (Buntting et al., 2006) . Additionally, teachers can use concept mapping as teaching resources to show the structure of a topic or to analyse the relationships among the concepts related to the topic (Novak & Cañas, 2006) . In that way, concept mapping may complement teachersí explanations and improve studentsí comprehension about it.
The educative use of concept mapping is essentially based on the meaningful learning theory (Ausubel, 2000; Ausubel, Novak, & Hainesian, 1978) and constructivist learning philosophy (Anderson & Demetrius, 1993; Novak & Cañas, 2006) . It is also based on the study of the relationships among science, technology, society and environment ñ STSE relations (González, 2008) . According to constructivism, studentsí new knowledge is based on prior knowledge, since the latest can be considered as a cognitive scheme that may be enriched and restructured while new knowledge is gradually acquired and integrated in the memory (Novak & Cañas, 2004) . Thus, concept maps not only are very useful to represent studentsí knowledge and its evolution during the formative process, but also to identify their learning difficulties (Jones, Carter, & Rua, 2000) . Furthermore, concept mapping motivates students (Schaal, 2010) as it is suitable for developing reflexive and collaborative learning (Edwards & Fraser, 1983) and can be used both as teaching or assessing tools (Buehl & Fives, 2011) . For all these reasons, concept mapping is a valuable teaching methodology that provides a measure of conceptual understanding (Andrews et al., 2008; Buehl & Fives, 2011; Miller et al., 2009; Miranda-Correia, Silva, & Romano-Junior, 2010; Moreira, 1985; Novak & Gowin, 1984; Proctor & Bernstein, 2013; Stuart, 1985) .
Indeed, concept mapping has been used for decades in scientific education (Stewart, 1980; Stuart, 1985) and in teachersí and environmental educatorsí education and training programmes (Andrews et al., 2008; Guruceaga & González, 2004; Novak, 1978) . Specifically, in the field of environmental education, Balgopal and Wallace (2009) used concept maps to identify studentsí misconceptions and explore changes in knowledge about ecological concepts when applying an educational methodology, focused not only on concepts, but also on the connections between cognitive and affective domains. Additionally, a methodology based on the use of concept mapping and a Likert-scale inventory was developed to work on topics related to conservation and preservation of animal species, finding out that students with a greater knowledge of animal species are more aware of its conservation and protection (Barney, Mintzes, & Yen, 2005) . Finally, Vanhear and Pace (2008) describes a new teaching methodology based on the use of concept maps, together with Vee Heuristics, to promote, among 6 and 7 years old children, meaningful learning about nature and, in the long run, the environmentally responsible behaviour based on this knowledge.
As far as teacher training is concerned, Mosothwane (2002) proved that teachers with a solid understanding of the main concepts of their areas are more effective teachers. Accordingly, concept mapping is a quite helpful strategy in teacher training programmes since, as mentioned before, it promotes reflexive and meaningful learning (Beyerbach, 1988) . In this line of work, Zak and Munson (2008) investigated pre-service teachersí conceptual understanding of basic ecological concepts using concept maps. Also, metaconceptual teaching activities, such as concept mapping, have been proved to help preservice teachers to change alternative misconceptions related to flowering plants (Nejla, Meryem, & Mehmet, 2011) . Finally, in the last decades, the use of concept maps for teacher training has experienced a considerable increase due to specific software based on information and communication technologies (ICT). According to MacKinnon and Aylward (2009) , ICT provide promising chances to create new teaching and learning frameworks that enrich the educational context in which students and teachers are enrolled. They show the advantages of using of ICT in teacher training programmes, describing experiences in which electronic portfolios, collaborative concept mapping and educational digital forums are used (Tergan, 2005) . In addition, ICT can be used to improve information search processes, develop new communicative technologies, design any kind of didactic resources, implement simulation and modelling tools or develop collaborative and intuitive learning environments (Ojeda, Gutiérrez, & Perales, 2009 ).
Specifically, ICT have an important role in the field of environmental education, since they can open access to information and knowledge about sustainability and, consequently, promote public awareness of the need for sustainable development (Ospina, 2012) . In that line, for instance, considering that promoting active citizens learning must be based on the principles of the ExConTra learning paradigm (experiencing, constructing, transforming), a web-based learning environment, including several ICT tools (concept maps, spreadsheets, presentations, paint tools, word processing and Venn diagrams), has been developed to introduce primary school learners to the issue of climate change from a cross-thematic and interdisciplinary curricular approach (Makrakis, Gkotzos, & Larios, 2012) .
Combining both tools (concept mapping and ICT), CmapTools is open software developed by the Florida Institute for Human & Machine Cognition (IHMC) that can be used to design and use these maps in the educative processes (Cañas, 2004; Cañas, Hill, & Lott, 2003; Daley, Cañas, & Stark, 2007; Martínez, Perez, Suero, & Pardo, 2013) . This software lets the user build, save and modify concept maps easily and attach to them any kind of digital resource (Novak & Cañas, 2006) . In that way, the design of concept maps with informatics tools and, particularly, with CmapTools, helps future teachers to use ICT in the classroom effectively, improves teaching communicative abilities, encourages educational innovation and increases future educatorsí motivation (Pontes, 2012) . For all these reasons, numerous educational activities based on the design of concept maps with CmapTools have been developed in environmental education (Echarri & Puig, 2009; Guruceaga & González, 2004; Vanhear & Pace, 2008) . Thus, it can be interesting for future educators to learn concept mapping techniques and informatics tools for its design, such as CmapTools (González, 2008) .
RAEET Project: Educational Proposal and Design of the Research
As mentioned before, different studies have proved the potential of ICT as educational tools (Ojeda et al., 2009 ) and the use of concept maps as individual and collaborative learning strategies to motivate students (Schaal, 2010) . Thus, the software CmapTools, which combines both elements, can improve the motivation of environmental educators (Murga-Menoyo et al., 2011) . In this context, the RAEET project has been carried out to develop a new methodology proposal for environmental teacher training programmes.
The aims of this study are: -to develop a methodology proposal for the treatment of environmental education, as a transversal and interdisciplinary topic, based on the analysis of texts and concept mapping to promote reflexive and collaborative learning; -to use informatics resources, such as CmapTools, for the elaboration of concept maps related to environmental education and for the acquisition of communicative abilities, promoting the effective use of ICT in teacher training programmes; -to design a survey to analyse future teachersí motivations and opinions on the activities, resources and methodology used in this formative proposal.
Educational Proposal and Data Collection
The data analysed in this paper have been collected in the study course entitled ìKnowledge Representation by Concept Mappingî of the masterís degree study programmes ìEnvironmental Educationî and ìBiology Teachersí Trainingî at the University of Cordoba in Spain. In this study course, the didactic treatment of transversal topics related to environmental education (climate change, renewable energies, sustainable development, environmental education and so on) is tackled by the analysis of text about these topics and concept mapping as educational activities to promote the reflexive and collaborative approach in teacher training programmes. Furthermore, by knowledge representation, it is expected that future teachers acquire general teaching skills, such as the effective use of ICT and communicative abilities in the classroom (Pontes, 2012) .
Firstly, in order to get used to this knowledge representation technique (Novak & Cañas, 2006) , students make, with pen and paper, individual concept maps based on the comprehensive reading of a document related to environmental education. After that, in order to encourage team work abilities, students are put into two or three people groups to discuss their individual concept maps and re-elaborate a collaborative one (Pontes & Varo, 2013) . Secondly, students learn to use CmapTools and construct with it individual and collaborative digital concept maps related to environmental education. These collaborative concept maps could be done either in the classroom or online thanks to the collaborative work tool that the software provides (Novak & Cañas, 2006; Daley, et al., 2007) . Additionally, students elaborate multimedia presentations with their concept maps and they present them in the classroom to promote the debate and the acquisition of teaching communicative abilities.
The final mark of the study course is based on the average marks of the individual and collaborative concept maps elaborated with CmapTools. To assess these concept maps, according to previous studies (Murga-Menoyo et al., 2011; Proctor & Bernstein, 2013; Stuart, 1985) , an evaluation pattern has been designed by the teachers taking part in the innovative experience (Table 1) . At the end of the workshop, students filled out an open questionnaire to collect their opinions on the development of the educational experience (Appendix 1). This survey is an important element to promote reflexive learning (Pontes, 2012) and sheds light on the research topic. Since the survey is composed of open questions, a qualitative analysis of the answers has been done. Specifically, the most frequent answers have been classified into different categories and counted by means of their relative frequency. Moreover, the most representative opinions have been identified, and interesting conclusions have been drawn.
Thus, there are two types of data collected: individual/collaborative concept maps based on comprehensive reading of texts related to environmental topics and opinion surveys filled out by the research participants. The first set of data provides the participantsí knowledge and the influence of collaborative work on it. From the surveys, it is possible to highlight the participantsí opinions on the elaboration of individual concept maps, the influence of collaborative work, the use of CmapTools, the possible application of concept mapping in environmental education and the educational value of the innovative experience developed.
Participants
Since 2009, 69 people have participated in this educational innovation project developed in the study course entitled ìKnowledge Representation by Concept Mappingî of the masterís degree study programmes ìEnvironmental Educationî (25 participants) and ìBiology Teachersí Trainingî (44 participants). The mean age of the group was 26.3 years, and the majority of the participants were biology, environmental sciences or veterinary sciences graduates. Most of the participants had some skill in word processing software and had knowledge of educational online platforms. Only 3 participants (4.4 %) knew how to use software for the elaboration of concept maps.
Results

Individual and Collaborative Knowledge Representations
The analysis of the individual (Pontes, 2012) and collaborative (Pontes & Varo, 2013) concept maps elaborated by the participants show a positive influence of the team work on the concept map design. Table 2 shows the results of the T-Student analysis obtained when comparing the average of the marks given by the teachers to the individual (ICM) and collaborative (CCM) concept maps, according to the assessment criteria described in Table 1 . Additionally, other important didactic aspects of this activity include the social interactions developed in the classroom and the increased studentsí motivation and interest in participating actively when working in groups (Preszler, 2004; Schaal, 2010) . Thus, the elaboration of collaborative concept maps with computer resources promotes general competence in communication, which is very important in current educational settings (Chiu, Huang, & Chang, 2000; MacKinnon & Aylward, 2009 ). Finally, in order to promote the use of concept mapping as a technique to represent the knowledge acquired in teacher training programmes, future educators are encouraged to use concept maps in their final project to obtain a masterís degree. As an example of this interesting activity, Figure 1 shows the concept map used by one of the students to schematise an educational unit related to the water cycle. This example shows that future teachers use properly concept mapping to represent complex knowledge of scientific and educational topics. Furthermore, according to the instructors, students using concept mapping display good communicative abilities, which are important for their future profession.
Opinions and Motivations of the Use of Concept Mapping in Environmental Teacher Training
The use of individual concept maps in teacher training programmes. The first question of the survey was as follows: How do you evaluate the use of concept maps as a tool to represent the knowledge in teachersí initial formation? The learners were also asked to discuss the advantages and disadvantages of elaborating individual maps.
The answers to the first question have been classified into the categories. B1. They indicated some advantages or educational interest points (68.2%) B2. They indicated some disadvantages (13.0%) B3. They indicated neither advantages nor disadvantages (18.8%) Accordingly, bringing together the results of A1 and A2, about 80% of the participants favourably evaluated the use of concept mapping as a strategy to individually represent the knowledge acquired from a text related to environmental education. Importantly, 72% of the students stated that they were motivated while learning the technique and found the activity quite interesting. Furthermore, most of the participants considered that, although concept mapping requires reflection and an intellectual effort, it helped them to better understand the topic they were representing. Some of them also thought that the design of concept maps promotes self-learning. Several individuals pointed out that patience and repeated practice are necessary to reach a good result. Few students had experienced doubts or confusion while learning this technique, stating that concept selection represented a greater difficulty. Finally, some students declared that the design of the first individual map was not easy, and different drafts had to be elaborated before producing the final satisfactory map.
Use of CmapTools for concept mapping. The second question of the survey was as follows: What do you think about the use of CmapTools for concept map elaboration?
The learners were also asked to discuss the advantages and disadvantages of this tool.
The answers to the second question have been classified into the categories.
(A) Evaluation of CmapTools as a tool to design digital concept maps: A1. Good (76.8 %) A2. Suitable (14.5 %) A3. Bad (2.9 %) A4. No answer (5.8 %) (B) Reasons for the evaluation: B1. They indicated some advantages (66.7 %) B2. They indicated some disadvantages (11.6 %) B3. They indicated neither advantages nor disadvantages are indicated (21.7 %) Thus, about 90% of the participants gave a favourable evaluation of CmapTools to elaborate digital concept maps. Among the reasons for this evaluation, the students pointed out that, despite the doubts, CmapTools is easy to learn. In addition, they considered that this software is very suitable for teacher training programmes. Among the advantages, they underlined that, with CmapTools, concept maps can be saved in order to be extended or reorganised later, the software lets the user attach digital resources, such as documents, figures or even videos. It was also pointed out that, thanks to the colours and geometrical shapes included in the software, the maps created with it encourage communication in the classroom. Most of them (68%) conclude that ìlearning CmapTools to design concept maps is fun and motivatingî.
Elaboration of collaborative concept maps. The following questions of the survey were related to the elaboration of collaborative concept maps: How do you evaluate the elaboration of concept maps in groups? Do you think this activity encourages the learning process?
The answers to the third question have been classified into the categories. B1. Positive and they give reasons in favour (40.6 %) B2. Positive but they do not give reasons in favour (34.8 %) B3. Not important (10.1 %) B4. Answer not justified (14.5 %) Combining the results of the categories A1 and A2, it is possible to state that 85% of the participants evaluated favourably the elaboration of collaborative concept maps to promote the exchange of ideas in a collaborative team atmosphere. Specifically, they state that, ìIt is an interesting and fan activityî. Many of the participants considered that, thanks to interaction in the group, the topic is better understood and that individual concept maps can be improved, although sometimes it is difficult to agree on the concept selection and hierarchy. A lot of students also stated that these activities encourage social interaction.
Global evaluation of the educational experience and the possible applications of concept mapping in environmental education. Finally, the learners were asked to express their opinion on the experience and point out the roles that concept mapping can have in environmental education and teacher training. A1. Positive and they provide the reasons in favour (36.2 %) A2. Positive, but they do not provide the reasons in favour (31.9 %) A3. Negative and they provide the reasons against (5.8 %) A4. Negative, but they do not provide the reasons against (7.2 %) A5. No answer (18.9 %) (B) Educational applications of concept mapping in environmental education:
B1. Point out more than three applications (53.6 %) B2. Point out less than three applications (26.1 %) B3. No application/no answer (20.3 %) Accordingly, 68% of the participants positively evaluated the educational activities proposed, including the activities developed and the resources used, considering it a motivating, fun and interesting activity. Many of them considered the experience interesting and innovative, and they agree that the treatment of topics related to environmental education by means of the analysis of texts and the elaboration of individual and collaborative concept maps is very motivating.
Additionally, most of the future educators thought that CmapTools had contributed to the development of teaching competences (in a technological, methodological and communicative sense) that would be suitable in their future professional career as biology teachers or environmental educators.
In general, more than 50% of the students thought that concept mapping could be very useful in environmental education because it helps teachers to organise the contents of the subject. Moreover, students can use them as a study technique to organise their thoughts. Some of them also pointed out that knowledge representation activities promote autonomous learning and encourages reflection on their own knowledge.
Discussion and Conclusions
In this paper, an experience developed since 2009 within the framework of an innovative educational project at the University of Cordoba is described. The project seeks to promote a reflexive and collaborative educational strategy in the masterís degree programmes: ìBiology Teachersí Trainingî and ìEnvironmental Educationî. To do this, different kinds of teaching activities are implemented: the analysis of texts related to environmental education, the elaboration of individual and collaborative concept maps and the use of CmapTools to elaborate digital maps and design multimedia expositions with concept maps (Andrews et al., 2008; Balgopal & Wallace, 2009; Guruceaga & González, 2004; Zak & Munson, 2008) .
Thus, one of the aims of this experience was to teach future environmental educators how to use concept mapping as an individual learning strategy that promotes the formation of more expressive teachers since it facilitates their reflection on their own knowledge (Nejla et al., 2011; Reitano & Green, 2012) . Additionally, the proposed methodology promotes teamwork (Preszler, 2004) , and it is a useful way of applying ICT tools effectively in environmental education (Ojeda et al., 2009) and in teacher training programmes in general (Makrakis et al., 2012) . Furthermore, the proposed methodology fosters communication in the classroom, the acquisition of teaching competences and future educatorsí motivation towards their self-development and professional progress (Hargreaves, 1998; Korthagen et al., 2006; MacKinnon & Aylward, 2009; MurgaMenoyo et al., 2011; Preszler, 2004; Schaal, 2010) .
In this experience, the learning outcomes have been analysed by evaluating the proposed activities and the concept maps created by the students. In addition, by means of a survey, the studentsí opinions on the experience have been gathered to improve the design of the experience (Buntting et al., 2006; Murga-Menoyo et al., 2011) .
It is possible to conclude that future teachers have learned to design concept maps, and they think that concept maps are useful tools to graphically represent the contents of an environmental education topic and to present these contents in any kind of academic exposition. In addition, it is possible to state that future teachers learn very quickly how to use CmapTools in order to construct concept maps, how to attach digital educational resources and how to use these concept maps to improve classroom communication. Furthermore, it has been observed that the elaboration of collaborative concept maps in the classroom or online, thanks to the synchronous collaboration feature of CmapTools (Novak & Cañas, 2006) , promotes social interaction among students and the development of the ability to work in groups, confirming the results of previous studies in the field of teacher training (Preszler, 2004; Schaal, 2010) . In that sense, the opinions on the participants are quite positive, and they highlight that this tool promotes methodological change and, mainly, the motivation of the users (Chiu et al., 2000; MacKinnon & Aylward, 2009) .
It is important to point out that this paper focuses on describing the educational experience based on concept mapping and the analysis of the future teachersí opinions on the methodology and educational activities proposed. However, the projectís aims are wider, and the use of concept mapping is being promoted as a technique to represent the knowledge in teacher training programmes. Thus, future teachers are encouraged to use concept maps to sum up an educational unit (Figure 1 ). The analysis of the experience points out that students that use concept mapping develop communicative abilities.
It is also possible to conclude that the results obtained in this study, related to the studentsí opinions on the use of concept mapping in teacher training programmes, confirm previous research outcomes (MacKinnon & Aylward, 2009; Murga-Menoyo et al., 2011) . However, it is important to point out that this experience is the first phase of a wider innovative project. In the future stages, a new opinion survey, based on a Likert scale, will be carried out. Additionally, since environmental education is a transversal topic that may be tackled in all areas of the educational system (Espinosa, 2008) , the use of concept mapping and the analysis of texts related to environmental challenges, such as pollution or climate change, will be proposed in other teacher training programmes in order to promote favourable behaviours towards sustainable development among future teachers (Gil Pérez et al., 2003; Fien, 1995) . Thus, by means of this project, a transversal and interdisciplinary treatment of environmental education will be promoted in different teacher training programmes. In that way, due to the great influence of teachers and teaching as agents of change in society, this educational experience developed in teacher training programmes is expected to contribute to the attainment of the environmental education objectives and to promote the sustainable development (Fien, 1995; Ilisko, 2007; Ged˛˚ne & Ged˛˚ne, 2011) . 
